Objectives: Although deaf children with cochlear implants (CIs) are able to develop good language skills, the large variability in outcomes remains a significant concern. The first aim of this study was to evaluate language skills in children with CIs to establish benchmarks. The second aim was to make an estimation of the optimal age at implantation to provide maximal opportunities for the child to achieve good language skills afterward. The third aim was to gain more insight into the causes of variability to set recommendations for optimizing the rehabilitation process of prelingually deaf children with CIs.
INTRODUCTION
Since the implementation of pediatric cochlear implantation, language development evolved positively because of improved accessibility to sound and speech. Despite these good results, the large variability in outcome remains a significant concern. Some children achieve adequate language levels and others lag behind (Niparko et al. 2010; Peterson et al. 2010) . Different studies have investigated the relationship between language outcomes and possible predictors. Predictors can be divided into three main categories: (1) auditory factors, (2) child-related factors, and (3) environmental factors.
Auditory factors incorporate the characteristics of pediatric auditory rehabilitation. Without doubt, age at cochlear implantation has a significant effect on language development. Some authors conclude that cochlear implantation should take place before the first birthday (Miyamoto et al. 2003; Colletti et al. 2005; Dettman et al. 2007; Ertmer et al. 2007 ), whereas others claim children should be implanted before their second (Svirsky et al. 2004; McDonald Connor et al. 2006; Tait et al. 2007; Hayes et al. 2009 ) or third birthday (Iler Kirk et al. 2002; Johnson & Goswami 2010) . In addition, better language development is associated with early identification of hearing loss (Yoshinaga-Itano et al. 1998; Korver et al. 2010 ) and hearing aid fitting (Artieres et al. 2009 ), longer cochlear implant (CI) use (Nicholas & Geers 2006; Artieres et al. 2009 ), and better preoperative hearing levels (Artieres et al. 2009 ). Also, auditory factors such as intactness of the neurological system (Pyman et al. 2000) , insertion depth of the electrode array, and number of channels that are effectively programmed (Francis et al. 2008) can affect the subsequent language development. To conclude, recent research indicates a positive effect of bimodal stimulation (Nittrouer & Chapman 2009) and bilateral cochlear implantation (Tait et al. 2010; Boons et al. 2012 ) on oral language acquisition in children. However, at this time, there is a lack of evidence on the long-term effect of bilateral cochlear implantation on language development (Johnston et al. 2009; Niparko et al. 2010; Sparreboom et al. 2010) .
Child-related factors are characteristics that are inherent to the child. In children with normal hearing, girls present a small advantage over boys in language development (Le Normand et al. 2008) . In children with CIs, a comparable benefit of female gender is found . Besides gender, additional disabilities are related to language performance. As in children with normal hearing, the presence of additional disabilities may disturb language development (Gérard et al. 2010 ). However, CIs can improve both listening and communication skills in profoundly deaf children with associated disabilities (Filipo et al. 2004; Berrettini et al. 2008) . Nonverbal cognitive skills are often strong predictors of language Sarant et al. 2009 ), although good cognition is not sufficient for good language development (Meinzen-Derr et al. 2010) . Also, cause of deafness can affect language outcomes. Children with cytomegalovirus (CMV)-induced deafness frequently develop poorer language perception and production (Yoshida et al. 2009 ), whereas children with connexin mutation-related deafness show increased communication abilities (Gérard et al. 2010) in comparison with other children with CIs.
Environmental factors are external characteristics determined by the child's environment. The positive effect of a high socioeconomic level on language development is confirmed several times Gérard et al. 2010; Niparko et al. 2010) . Moreover, high levels of ongoing parental involvement in the rehabilitation process (Spencer 2004; Sarant et al. 2009 ) and smaller family size ) are related to better language achievements. In addition, orally communicating children seem to develop language more adequately than children who use total communication (Eisenberg et al. 2004; Johnson & Goswami 2010) . However, the opposite result has also been reported (McDonald Connor et al. 2000) . The last environmental factor is school type; children with longer experience in mainstream classrooms tend to have a better oral language development than children in special schools .
Although several possible predictors of linguistic performance with a CI have been investigated, few studies were able to include diverse predictive factors into one general model because of the relatively small sample sizes. To obtain a reliable regression model with multiple predictors, the minimum sample size is estimated 104 + k, where k is the number of predictors (Green 1991 ). Few previous studies were able to achieve an adequate sample size because most CI centers have too few children with CIs and use center-specific follow-up protocols. Only three of the above-mentioned studies containing multiple predictors included over 100 children Francis et al. 2008; Niparko et al. 2010) . These studies focused on the predictors of language outcomes at one specific moment or longitudinal language growth (Francis et al. 2008; Niparko et al. 2010) . However, it is likely that the influence of some predictors changes over time and can be monitored more effectively by means of a serial cross-sectional design. To conclude, the effect of a variable may differ between outcome measures. A strong predictor of receptive language is not necessarily a good predictor of expressive language. Results from previous studies showed consistent weaknesses on tasks focusing on syntactic language skills (e.g., recalling sentences, understanding and producing grammatical morphemes) and consistent strengths on basic concept vocabulary (Young & Killen 2002; Spencer 2004) . Consequently, the effect of a predictive variable may differ between outcome measures. To address these issues, multidimensional assessment embedded in a large study is required.
Because five CI centers participated in the present retrospective study, it was possible to include a sufficiently large group of children. Outcomes on standardized receptive and expressive language tests were examined at three evaluation periods: 1, 2, and 3 years after the first fitting of the CI. Three main issues were investigated in the study. First of all, the language levels of these children were examined and benchmarks were established to identify problematic language development. It is essential for therapists to have a clear idea of what can be expected during follow-up to set up an adequate rehabilitation program and to start intervention at the right time. Secondly, because the critical age at implantation is still a matter of debate, the present study made an estimation of the optimal age at implantation to provide optimal opportunities for the child to achieve good language skills afterward. Thirdly, several independent variables were analyzed in multiple regression models to explain the variability in language outcomes. Understanding the causes of variation would allow clinicians to preoperatively offer better prognoses to CI candidates and could help parents and therapists to create the best possible circumstances for children with a CI to acquire oral language.
MATERIALS AND METHODS
This retrospective study included the results of language tests that were administered during a clinical follow-up of children up to 8 years of age with a CI. Five CI centers participated: two centers were located in Flanders (part of Belgium) (ENT departments in Leuven and Ghent) and three in the Netherlands (ENT departments in Leiden, Maastricht, and Nijmegen). Apart from some minor deviations, the Dutch language spoken in both areas is identical. All relevant information was selected from individual follow-up files and put together in one database in which neither the child's identity nor the CI center could be retrieved.
Participants
In total, 288 children with a CI participated. All were prelingually deaf and received their first CI before the age of five. Every participant had normal intellectual abilities. Children with signs of impaired cognitive functioning or nonverbal IQ scores lower than 80 were excluded. The IQ tests (Wechsler Preschool and Primary Scale of Intelligence, Wechsler Intelligence Scale for Children, Snijders-Oomen Non-verbal Intelligence Test, and Bayley Scales of Infant Development) were administered by competent psychologists in the CI centers. In all five CI centers, every child that met the inclusion criteria participated in the study.
Every child was implanted with a recent Cochlear © or Advanced Bionics © device. With the exception of eight children, all had a fully inserted array in at least one cochlea. Seven children were unilaterally implanted and had a reduced number of electrodes. One child used two CIs, both with a reduced number of electrodes. Every CI had at least 10 well-functioning electrodes. Post hoc inspection of the individual results of these children did not reveal outliers. During the time course of this study, nine children were reimplanted for a variety of reasons (e.g., infection and trauma). The majority of the participants (91%) used their CI all waking hours, 7% used it most of the time (e.g., during school), and 2% wore their CI on a regular basis (e.g., half of the time). None of them stopped using the CI during the course of this research. Other characteristics of the participants are described in the results section as child-related, auditory, and environmental factors.
Outcome Measures
Data were obtained using two standardized oral language tests, the Reynell Developmental Language Scales (RDLS) and the Schlichting Expressive Language Test (SELT). Both were part of the clinical follow-up protocol of the five participating centers. The RDLS is a verbal comprehension test, designed for children from 1 year 2 months to 6 years 3 months. The test evaluates language comprehension abilities at gradually increasing levels of difficulty. In the first three sections, the vocabulary is assessed by asking the child to identify objects or pictures (e.g., Where is the ball?). In the following seven sections, the items contain small sentences with tasks which the child has to carry out (e.g., Put the spoon in the cup). The RDLS has a good internal consistency (Cronbach's alpha = 0.88) and sufficient test-retest reliability (Pearson correlation = 0.69) . The SELT consists of three expressive language measures: (1) word development, (2) sentence development, and (3) auditory memory. It is standardized for children between 1 year 9 months and 6 years 3 months. In the present study, two out of three subtests were included because they were part of the clinical program: word and sentence development. In the word development subtest, expressive vocabulary skills are measured by asking the child to name objects or pictures. This subtest has a good internal consistency (Guttman's Lambda-2 = 0.85) and test-retest reliability (Pearson correlation = 0.75) . The sentence development subtest evaluates the knowledge of syntactic structures by asking the child to repeat sentences. It has a good internal consistency (Guttman's Lambda-2 = 0.87) and test-retest reliability (Pearson correlation = 0.76) . The RDLS and SELT provide norm-referenced test scores as well as age-equivalent scores, which are based on typical language levels for normally developing children with normal hearing. The age-equivalent score can then be divided by the child's chronological age to calculate a language quotient (LQ), which indicates the ratio between the expected level of performance based on the chronological age and the actual performance of the child. This scale is frequently used in research about language development in hearing impaired children (Eisenberg et al. 2004; Rance et al. 2007; Angeli et al. 2011 ). An LQ close to 1.00 indicates an age-appropriate language level, and an LQ of 0.50 corresponds to a delay of half the chronological age. An LQ of 0.82 corresponds to a delay of one SD below the norm. All tests were administered orally by qualified speech-language pathologists; the use of signs was allowed neither by the test leader nor by the child.
Although the RDLS and SELT have been used extensively in the follow-up of children with CIs, they were not administered to every child during each evaluation period. Table 1 provides an overview of the number of children tested per evaluation period. In total, 288 children participated in the study and each child was tested at least one time.
Predictors
Eleven independent variables or predictive factors were included in this study (see Table 2 ). They were divided into three groups: (1) three child-related factors, (2) four auditory factors, and (3) four environmental factors. The first group consisted of characteristics that were inherent to the child and consequently could not be changed or influenced by others. The second and third group, auditory and environmental factors, contained external characteristics determined by the child's therapists and parents. These factors could be adapted to create the best possible circumstances for the child.
Child-Related Factors • First of all, the children's gender was inventoried (male or female). Secondly, the etiology of the deafness was classified into six categories: genetic with connexin mutation, genetic without connexin mutation (e.g., Waardenburg, Usher syndrome), infection (e.g., CMV, meningitis), congenital malformation of the cochleae (e.g., enlarged vestibular aqueduct), and deafness caused by premature birth or unknown etiology. Thirdly, additional disabilities were classified into five categories: motor or balance disorders, behavioral problems (e.g., attention deficit hyperactivity disorder and autism spectrum disorder), learning difficulties (e.g., dyslexia and dyscalculia), auditory neuropathy, and multiple handicaps (a combination of additional disabilities). All children, including those with additional disabilities, had normal intelligence. Auditory Factors • Age at diagnosis (months) and age at which the child was initially stimulated with a CI (months) were included, as well as whether participants wore a hearing aid before cochlear implantation (yes/no). Moreover, bilateral auditory stimulation, either with a second CI or contralateral hearing aid, was taken as fourth predictive factor. Environmental Factors • Three environmental variables were related to parental characteristics: multilingualism (yes/no), communication mode (oral/total/bilingual), and involvement in the rehabilitation process (sufficient/ insufficient). In cases where one or both parents spoke another language (e.g., French or Turkish) with the child, the family was classified as multilingual. Multilingualism only applied to spoken languages. The use of sign language was inventoried in the variable communication mode. Parents who did not use signs when communicating with their child were labeled as "oral". Parents who used signs to simultaneously support their spoken language, thereby holding on to the oral grammar, were labeled as "total". Parents who fully mastered sign language and raised their child bilingually with spoken Dutch and Dutch sign language were labeled as "bilingual". In all families at least one parent had normal hearing so that the child was raised with spoken language. A third environmental factor was binary and related to the parents' involvement in the rehabilitation process mentioned in the child's file. Parents who were sufficiently involved, as would be expected in a well functioning family, were classified as "sufficient". Parental involvement was labeled "insufficient" if parents were not motivated or unable to fulfill their commitments (e.g., not showing up for appointments). Although this scale is oversimplified and not validated, it can reflect a problematic attitude of parents toward their child's deafness and treatment. At last, a fourth environmental factor concerning the educational setting was taken into account: regular schools, special schools for the deaf and hard of hearing, or no school if children were too young to attend school.
Statistical Analysis
Means and SDs were reported for continuous variables (e.g., age at first fitting) along with numbers and percentages for categorical variables (e.g., gender). Data sets at all three evaluation periods were normally distributed (Kolmogorov-Smirnov, p > 0.05). Linear and nonlinear regressions were used to assess the relationship between age at first fitting and language outcomes. Because nonlinear fits did not significantly differ from linear fits, results were described by means of a linear approach. Multiple linear regression models with stepwise backward elimination were constructed to analyze independent factors related to language skills when adjusting for potential confounders. Variables which were not significantly associated with language (at the p < 0.05 level) were excluded from the models. Variables which were significantly associated with language were analyzed in terms of the amount of added variance they accounted for (R 2 ). Mean differences in LQs were noted as LQ. All analyses were performed using SPSS 16.0.
RESULTS
First, an overview of the predicting factors used in this study is given to illustrate specific characteristics of the participating group (see Table 2 , 3 and 4). Second, group results of all participants are described to provide some insight into what can be expected. Third, the influence of age at implantation on language development is evaluated. Last, predictive factors are analyzed in multiple regression models to explain the variability in language outcomes. Table 2 provides an overview of characteristics of the participating children. Of participants, 53% were boys and 47% were girls. At the time of testing, their age ranged from 2 to 8 years. In 35% of the cases, the cause of deafness could not be retrieved. A genetic deviation without connexin mutation caused deafness in 19% of the children, whereas connexin mutation occurred in 5%. Thirty percent of the participants suffered from an infection (e.g., CMV, meningitis) resulting in deafness. Seven percent had a congenital malformation of the cochleae (e.g., enlarged vestibular aqueduct) and a minority of the group (4%) was born prematurely as a result of which their hearing was severely impaired. Of the children, 23% had one or more disabilities on top of their hearing impairment. A motor or balance disorder was diagnosed in 6% of the participants. Behavioral problems (e.g., attention deficit hyperactivity disorder, autism spectrum disorder) occurred in 5% of the cases. Twenty children (7%) experienced learning difficulties (e.g., dyslexia) and eight (3%) had multiple handicaps despite normal intelligence. Five participants (2%) suffered from auditory neuropathy. Auditory Factors • General neonatal hearing screening has been in place in Flanders since 1999 and in the Netherlands since 2006. Older children in this study were born before neonatal screening (n = 149) and were often diagnosed at a later age. The mean age at diagnosis was 9 months (SD = 8 months). The first fitting of the CI took place at a mean age of 2 years 2 months (SD = 1 year 1 month) with the youngest child being 6 months and the oldest 5 years. Eighty-seven percent of the children completed a hearing aid trial before cochlear implantation. Thirty-eight children, most of them deafened through meningitis, immediately received a CI without hearing aid experience. The number of children with bilateral stimulation varied during the 3-year follow-up. Table 3 compiles all information on contralateral stimulation within the nine data groups. Environmental Factors • Of the participants, 17% were raised in a multilingual environment with parents speaking another language (e.g., French, Arabic) with the child. Of the parents, 35% did not use signs in the communication with their child ("oral"). The majority of the parents, 58%, used signs to support their spoken language ("total"). Only 7% of the parents fully mastered sign language and raised their child bilingually with spoken Dutch and Dutch sign language ("bilingual"). Most parents were sufficiently involved (96%), but in 4% of the children's files, problems were mentioned with parents being insufficiently involved in the rehabilitation process. The fourth environmental factor, educational setting, varied as a result of children moving from a special school to a regular school or vice versa. Table  4 compiles all information on educational setting within the nine data groups. One and two years after implantation, some children were still too young to attend school. They were captured under the label "no school." Language Levels and Risk Criterion for Problematic Language Development Figure 1A illustrates the results represented as LQs of the entire group of participants on the SELT and RDLS 1, 2, and 3 years after implantation. It is interesting that the mean LQs did not change during the first 3 years after cochlear implantation (p > 0.05). For the receptive test, it was 0.65 (SD = 0.20) after 1 year, 0.67 (SD = 0.21) after 2 years, and 0.66 (SD = 0.21) after 3 years of CI use. The mean SELT word development LQ was 0.66 (SD = 0.21) after 1 year, 0.69 (SD = 0.21) after 2 years, and 0.68 (SD = 0.20) after 3 years of CI use. The mean SELT sentence development LQ was 0.67 (SD = 0.18) after 1 year, 0.67 (SD = 0.18) after 2 years and 0.62 (SD = 0.19) after 3 year of CI use.
Characteristics of the Participating Children Child-Related Factors •
The SDs of the LQs show that the variability was very similar for all three tests and was quite constant over time (±0.20). The mean LQs averaged over all measuring moments (0.66) minus one SD (0.20) was 0.46. Therefore it seems justified to categorize a child with an LQ lower than 0.46 (within 3 years post-CI) as a weak performer. A child with an LQ higher than 0.86 (0.66 + 0.20) can be classified as a strong performer, bearing in mind that this only applies to prelingually deaf children with normal intellectual abilities who received a CI before the age of five. Although these data provided some guidelines as what to expect of children with a CI, they also demonstrated a huge variability in performance. Whereas some children reached a language level even above their chronological age (LQ > 1.00), others (approximately 25%) failed to develop a lan-guage level comparable with half of their chronological age (LQ < 0.50).
Age at Implantation
As expected, a linear regression analysis confirmed that age at first fitting of the CI was a significant predictor of language skills during the first 3 years after implantation (p < 0.001), accounting for 30 to 40% of the variance. An overview of the predictive values is given in the upper part of Table 5 (total group). The correlations are shown in Figure 2 .
Besides proving the effect of age at first fitting on outcome, the analyses provided an estimation of the critical age at which prelingually deaf children should have received their CI for optimal language development. Minus two SDs (2SDs) is a commonly used cutoff to define results as remarkably low compared with a norm mean. Around 2.5% of the norm population scores lower than 2 SDs. Consequently, the results of these children are labeled "very poor." Early cochlear implantation aims at maximally reducing the number of children performing at this poor level. Given the 2 SDs cutoff point, the linear regression line intercepted at approximately 2 years ( Figure 2) . Moreover, independent samples t tests confirmed that children implanted before the age of two performed significantly better on all three tests than children who were implanted at an older age (p < 0.001). The mean language scores of children implanted at a young age (<2 years) varied between 0.73 (SD = 0.18) and 0.79 (SD = 0.20).
The results of children implanted under the age of two are captured in Figure 1B . The mean LQ averaged over all measuring moments was 0.78 and the mean SD was 0.18. Our analyses show that a child with an LQ lower than 0.60 (0.78-0.18) within 3 years post-CI is a weak performer compared with other deaf children implanted at a young age. A child with an LQ higher than 0.96 (0.78 + 0.18), in fact an age-adequate score, can be labeled "strong performer" within the group of young implanted children.
To examine whether age at implantation should be (much) younger than 2 years, linear regression analyses were applied to this subgroup. As shown in the middle part of Table 5 , there was a weak to modest effect of age at first fitting during the first 2 years after the implantation. However, 3 years after implantation, this effect faded out. This indicates that prelingually deaf children should have received a CI by the time they are 2 years old, but it is less essential to strive for implantation at a much younger age because very early implantation was not significantly related to better language outcomes after 3 years of CI use. In addition, the effect of age at implantation on language outcomes in children who received a CI between 2 and 5 years of age was analyzed. The results of the linear regression of the late implanted group are listed in the lower part of Table 5 . The late implanted group showed an inverse pattern compared with the early implanted group. At first (1 year post-CI), no significant relation between outcomes and age at implantation was found. After 2 years of CI use, a significant linear regression was present which increased after 3 years of CI use. This confirms that it is important to provide CIs before the age of two. When children are implanted at an older age, the negative effect of late implantation seems to increase over time.
Predictors
Besides age at first fitting, eight additional predictors were taken into account in a multiple linear regression model: gender, etiology, additional disabilities, contralateral stimulation, hearing aid use before CI, multilingualism, communication mode, and parental involvement. Because age at diagnosis correlated with age at first fitting (r = 0.54, p < 0.001), it was excluded from the model owing to multicollinearity problems. In addition, educational setting was not included because school type was often chosen on the basis of language outcomes and therefore could not be incorporated as an independent variable.
Receptive Language • In addition to age at first fitting, the model revealed three predictive factors with respect to receptive language 1 year post-CI: contralateral stimulation, additional disabilities, and oral multilingualism (see Table  6 ). Post hoc analysis with Bonferroni correction showed that children with bilateral CIs (mean difference in LQ = 0.16; p < 0.001) and children with a contralateral hearing aid (mean difference in LQ = 0.05; p = 0.042) performed significantly better on the receptive language test than children with only one CI. Moreover, children with a learning disability had significantly lower scores than children with a motor or balance disorder (mean difference in LQ = 0.22; p = 0.042) or children without an additional disability (mean difference in LQ = 0.18; p = 0.003). Last, oral multilingualism had a significant negative influence on the receptive language knowledge 1 year after implantation (mean difference in LQ = 0.16; p = 0.047). The combination of these four predictors accounted for 39% of the variability in receptive language scores. Hence, the three additional factors accounted for 13% added variability.
Two years after implantation, the analyses revealed the same four predictive factors as 1 year after implantation (see Table  6 ). Post hoc analyses with Bonferroni correction showed that children with bilateral CIs performed significantly better on the RDLS than children with a unilateral CI (mean difference in LQ = 0.24; p < 0.001) or with a hearing aid at the other ear (mean difference in LQ = 0.19; p = 0.001). In addition, children with a contralateral hearing aid did better than children without contralateral stimulation (mean difference in LQ = 0.05; p = 0.050). The presence of additional disabilities negatively influenced receptive language outcomes; children with learn-ing disabilities performed significantly weaker than children with a motor disorder (mean difference in LQ = 0.29; p = 0.004) or children without an additional handicap (mean difference in LQ = 0.22; p < 0.001). Oral multilingualism in the family affected receptive language negatively (mean difference in LQ = 0.18; p = 0.032). Besides the four predictors that were present 1 year after implantation, a fifth predictor emerged 2 years after implantation: parental involvement in the rehabilitation process. Children of families in which problems with parental motivation and commitment were mentioned, achieved significantly lower language results (mean difference in LQ = 0.36; p = 0.010). These five factors accounted for 46% of the variability in receptive language outcomes.
The five predictors 2 years after implantation persisted 3 years after implantation (see Table 6 ). Contralateral stimulation remained essential, given that children with two CIs had significantly better receptive language knowledge than children with only one CI (mean difference in LQ = 0.24; p < 0.001) or a CI and a hearing aid (mean difference in LQ = 0.17; p < 0.001). The presence of a learning disorder had a negative effect on language outcomes compared with the pres- ence of a motor disorder (mean difference in LQ = 0.22; p = 0.014) or no additional disorder (mean difference in LQ = 0.20; p < 0.001). Children of families in which more than one oral language was spoken were disadvantaged on language outcomes 3 years after implantation (mean difference in LQ = 0.19; p = 0.024), and children of parents who were sufficiently involved in the rehabilitation process performed better (mean difference in LQ = 0.28; p = 0.017). These five predictive factors were also found 2 years after implantation, but 1 year later, the analysis revealed a sixth factor. The communication mode used by the parents was linked to the receptive language level of the children. Post hoc analysis with Bonferroni correction indicated that children of parents who only communicated orally achieved higher receptive language scores than children of parents who used total communication (mean difference in LQ = 0.11; p < 0.001) or sign language (mean difference in LQ = 0.23; p < 0.001).
In total, this model explained more than half of the variance in language outcomes 3 years after implantation.
Expressive Language: Word Development • Similar to the receptive language outcomes, linear regression of expressive language revealed the same four predictive factors 1 year after implantation (see Table 7 ). Expressive language scores were significantly higher in children with bilateral CIs than in children with only one CI with (mean difference in LQ = 0.26; p = 0.001) or without (mean difference in LQ = 0.34; p < 0.001) a contralateral hearing aid. Children with additional disabilities had significantly lower scores than children without additional disabilities irrespective of the nature of the disability (mean difference in LQ = 0.09; p = 0.016). Last, oral multilingualism in the family had a significant negative influence on expressive linguistic knowledge (mean difference in LQ = 0.18; p = 0.026). The combination of these four predictors accounted for 44% of the variability in expressive word development scores.
Comparable results were found for the expressive language scores 2 years after implantation. Lower language scores were related to unilateral implantation without a hearing aid at the other ear (mean difference in LQ = 0.24; p < 0.001), the presence of an additional learning disorder (mean difference in LQ = 0.26; p < 0.001) and a multilingual family (mean difference in LQ = 0.22; p = 0.006). In addition, children of insufficiently involved parents achieved significantly lower language results (mean difference in LQ = 0.39; p = 0.005) than children of involved parents. Combining these five factors into one model accounted for 48% of the variance in expressive language outcomes (see Table 7 ).
The five predictors that were found 2 years after implantation were also present 3 years after implantation (see Table 7 ). In addition, the model revealed a sixth significant factor. Children of parents who only communicated orally had significantly higher expressive language scores than children of parents who used signs to support their oral language (mean difference in LQ = 0.14; p < 0.001) or who communicated in sign language (mean difference in LQ = 0.19; p = 0.001). These six predictors accounted for 58% of the variance.
Expressive Language: Sentence Development • For the sentence development task, three significant predictors were found 1 year after implantation. Besides age at implantation, contralateral stimulation had a considerable effect. Children with bilateral CIs did significantly better than children with a unilateral implant (mean difference in LQ = 0.24; p = 0.001) or without a contralateral hearing aid (mean difference in LQ = 0.27; p < 0.001). Presence of additional disabilities was the third predictive factor. Children with a learning disorder achieved lower scores than children with a motor disorder (mean difference in LQ = 0.29; p = 0.013) or without an additional disability (mean difference in LQ = 0.23; p = 0.005). The combination of these four factors accounted for 56% of the variance. As Table 8 shows, 2 and 3 years after implantation, the exact same predictors emerged and accounted for, respectively, 53% and 56% of the variance. No other predictors reached the significance level.
DISCUSSION

Characteristics of Pediatric CI Users
Determining the possible predictors in this study provided information on specific characteristics of the current population of children with CIs in Flanders and the Netherlands. In the literature, 30 to 40% of deaf children are reported to have additional disabilities (Fortnum et al. 2002; Filipo et al. 2004 ). In the early years of pediatric cochlear implantation, children with additional disabilities were typically considered unsuitable for cochlear implantation (Edwards 2007) . However, the number of children with additional disabilities receiving CIs has increased substantially (Meinzen-Derr et al. 2011) . In our study, 23% of the children had an additional disability which was comparable with other studies given that children with a cognitive impairment were excluded. Around 20% of the children wore CIs in both ears. Stimulated by recent findings on the advantages of bilateral implantation on auditory (Scherf et al. 2007; Van Deun et al. 2010a; Van Deun et al. 2010b ) and language development (Tait et al. 2010; Boons et al. 2012 ), this number is increasing rapidly in Flanders and the Netherlands. Within 3 years after implantation, 30% of the children attended a regular school. This percentage is much smaller than the 71% mainstream placement reported 3 years after implantation in the United States and Canada (Geers & Brenner 2003) . At the time of testing, children were still very young and the rehabilitation process was quite intensive. As they get older, more children will make the transition to mainstream education in Flanders and the Netherlands. To conclude, our data showed that total communication was the most popular communication mode among parents of young children with CIs in the current group. The choice for oral or total communication is, however, never definite and can change over time as a function of the communicative needs of the child.
Language Levels and Risk Criterion for Problematic Language Development
The first goal of this research was to create benchmarks and a risk criterion for problematic language development in prelingually deaf children with CIs. In children implanted under the age of two, mean LQs during the first 3 years after implantation remained more or less constant at 0.78. Despite different languages, our results (in Dutch) confirmed findings of Manrique (in Spanish) and Miyamoto (in English) on the RDLS in children implanted under the age of two (Manrique et al. 2004; Miyamoto et al. 2008 ). Nicholas and Geers (2008) used predictive inference to provide information about expected spoken language skills of preschool-age children with CIs. However, in their study, they included different tests (Preschool Language Scale Third Edition, Peabody Picture Vocabulary Test-III), expressed the expected outcomes as standard scores at age 3 years 6 months and 4 years 5 months, and exclusively included children without additional disabilities enrolled in some form of oral educational program, thus making a comparison with the results of this study difficult (Nicholas & Geers 2008) . Guidelines are of great importance for creating appropriate expectations in parents and clinicians. Moreover, a description of variability, which helps to indicate when a child is lagging behind compared with other deaf children with CIs, was not addressed by Manrique et al. (2004) , Miyamoto et al. (2008), or Nicholas and . The mean LQ (0.78) minus one SD (0.18) in the present study was 0.60. This implies that approximately 16% of the participants achieved language scores under 0.60 and can be labeled as "weak performers." This value could be a good risk criterion for problematic language development in children receiving CIs under the age of 2 years Children attaining LQs below 0.60 on general language tests within 3 years after their implantation should be monitored more closely and perhaps their rehabilitation programs should be modified. As a result of the effect of age at implantation, the risk criterion on the basis of the total group of participants, implanted under the age of five, was lower (0.46). However, the current population of deaf children is mostly implanted at a young age so that the risk criterion based on children implanted under the age of two (0.60) is more appropriate.
The mean LQs in the present study stayed more or less constant within 3 years after cochlear implantation. Expressing the results as language delays (language age minus chronological age) seemed to indicate that these children were lagging behind compared with peers with normal hearing. The mean delay in language comprehension (at RDLS) increased from 1 year 4 months (SD = 11 months) 1 year after implantation to 1 year 6 months (SD = 1 year 2 months) 2 years after implantation and 1 year 11 months (SD = 1 year 4 months) 3 years after implantation (F[2] = 9.8, p < 0.001). A similar increase in delay was found in expressive word development (F[2] = 6.0, p < 0.05) and sentence development (F[2] = 18.8, p < 0.001). This increase in language delay has also been demonstrated by other researchers ( ably as a result of increasing variance. For example, a delay of 1 year is less severe for a 5 year old than for a 3 year old. In this study, LQs were used, because these take the increasing variability into account. Because the LQs remained constant over time, they illustrate that the increase in delay does not mean that these children are falling behind.
Age at Implantation
The LQs from the present study suggested that children implanted before the age of two are more proficient in understanding and using spoken language compared with children who were implanted at an older age. Previous data (Svirsky et al. 2004; McDonald Connor et al. 2006) have also shown that implantation under the age of two is beneficial for the development of language. However, both studies exclusively focused on age at implantation and did not control for possible other factors. did include other predictive variables and could not show an effect of age at implantation. The fact that children in their study were 8 to 9 years of age and the children in the present study were between 2 and 8 years might point out a diminishing effect over time. However, the increasing R 2 and p values below 0.001 in our multiple regression models do not indicate such a trend.
In addition, it has been suggested that even earlier implantation would promote the development of better receptive and expressive language (Miyamoto et al. 2003; Dettman et al. 2007 ). However, this was not confirmed in the present study. Within the group of early implanted children, an effect of age at first fitting was apparent 1 and 2 years after implantation, but disappeared 3 years after implantation. A similar effect has been demonstrated in children receiving bilateral CIs before the age of two (Wie 2010) . Our data showed that, for general language development, it is important to provide prelingually deaf children with a CI before the age of two, but it is less essential to strive for implantation at a much younger age. Possibly, other language measures focusing on more specific aspects such as pragmatic skills and grammar, such as those that Dettman (2007) and Nikolopoulos et al. (2004) used, could evidence the effect of implantation at an age younger than 2 years.
Predictors
To draw conclusions on the basis of a multiple regression analysis, several assumptions must be valid. Because the variable "age at diagnosis" was excluded from the model, the multicollinearity assumption was met. A priori, all samples were checked for normal distribution. An inspection afterward showed that the errors were normally distributed and the assumption of homoscedasticity was not violated. None of the predictors had zero variance and, because each value of the outcome variable came from a separate child, data met the assumption of independence. Apart from the samples of the SELT word and sentence development test 1 year after CI (see Table 1 ), all samples were sufficiently large for a multiple regression model with nine predictive factors (n > 104 + 9) (Green 1991) . Post hoc all analyses had sufficient power (>0.80), except SELT word and sentence development 1 year post-CI. As a result of the multicenter collaboration, this is one of the first studies to include enough data to examine such a variety of predictors.
The significant effect of age at cochlear implantation on language development was confirmed in the present study, with 30 to 40% of the variance accounted for by this variable. A second consistent predictive auditory variable, contralateral stimulation, was related to higher scores on all three language tests 1, 2, and 3 years after implantation. This variable added 5 to 11% of the variance. Post hoc analyses showed improved language skills in children with bilateral CIs compared with children with a unilateral implant. In several analyses, the effect of contralateral stimulation with a hearing aid on language development also reached statistical significance. Improved lateralization (Steffens et al. 2008; Basura et al. 2009 ), localization (Basura et al. 2009; Grieco-Calub & Litovsky 2010) , and speech perception skills (Litovsky et al. 2006; Scherf et al. 2007; Van Deun et al. 2010b ) based on bilateral cochlear implantation enhance the ability to perceive speech in more challenging listening environments such as noisy class rooms and family gatherings. This improved speech intelligibility can facilitate the incidental learning of language in everyday life. This study is one of the first to demonstrate a positive effect on language test scores. These results can have an influence on the policy of pediatric unilateral or bilateral cochlear implantation.
The effect of environmental factors increased over time: 1, 2, and 3 years after implantation, multilingualism in the family was consistently related to lower language scores. Two years after implantation, this factor was accompanied by low parental involvement in the rehabilitation process. Spencer (2004) also found that the level of parental involvement was associated with children's language levels 4 years after implantation. The positive effect of a stimulating and supportive environment possibly occurs after a certain amount of time and becomes measurable after 2 years of CI use. A high socioeconomic status, associated with better language outcomes Niparko et al. 2010; Gérard et al. 2010) , can facilitate parents to invest time, effort, and financial resources in the rehabilitation process. It is likely that socioeconomic status, to a certain extent, is represented by the involvement of parents, and, consequently, could have contributed to the effect of this variable. Three years after implantation, a third environmental factor emerged. In contrast with the findings of Hay-McCutcheon (2008) children of parents using oral communication outperformed children of parents using total communication or sign language. On the basis of the current data, it is not justified for one to state that oral communication is causing good language skills or that good language development leads to a preference for oral communication. Yet, the connection between both was demonstrated clearly and more research concerning the underlying mechanisms is recommended. In contrast with consistent predictors like age at first fitting, the effect of environmental factors on vocabulary skills increased over time. These novel results stress the importance of good counseling programs for parents and other people involved in the rehabilitation of children with CIs.
It should be noticed that all factors referred to thus far can be adjusted to create the most favorable circumstances for children with CIs to acquire spoken language. Furthermore, additional disabilities, a robust variable which cannot be adjusted, was a strong and persistent predictor of language scores. Especially the presence of a learning disorder was an indication of inferior language development. The high comorbidity between dyslexia and specific language impairment (Catts et al. 2005) makes it likely that some of the children actually suffered a language impairment on top of their language delay induced by the hearing disorder. According to Hawker et al. (2008) language difficulties in some children using a CI may reflect the same predominantly inher-ited basis as specific language impairment which suggests that these children have a language disorder that is separate from, but compounded by, their deafness (Hawker et al. 2008) . Given that this factor cannot be influenced, it is important that additional disabilities are diagnosed as early and as extensively as possible, providing opportunities for adequate therapy and support.
Last, the pattern of predictive factors was identical for the RDLS and SELT word development results but aberrant for the SELT sentence development test. Only three factors were consistently significant predictors for the results on the sentence development test: age at first fitting, contralateral stimulation, and additional disabilities. This can possibly be explained by the nature of the test. To correctly repeat sentences, strong auditory and memory skills are necessary. It is evident that age at implantation and bilateral stimulation highly influence auditory skills. In addition, the presence of additional disabilities can jeopardize the memorization and reproduction of sentences. Linguistic skills, on the other hand, are not as pertinent in this task compared with the RDLS and SELT word development. Up to a certain level, it is possible for one to repeat sentences in an unknown language. Probably, environmental factors like multilingualism, parental involvement, and communication mode are associated more strongly with purely linguistic skills and therefore are not significant predictors of SELT sentence development scores. An alternative explanation is based upon the fact that the SELT sentence development measures a different subsystem of language (mainly syntax) than the SELT word development (mainly vocabulary) and RDLS tests (semantics and syntax) do. Perhaps, the development of syntax is less influenced by environmental factors towing to different processing areas in the brain (Caplan 1999 ) and distinct developmental trajectories (Peterson et al. 2010) . To gain more insight into the specific characteristics of diverse language aspects (e.g., morphosyntax, pragmatics, and metalinguistics) in children with CIs, thorough research on a variety of linguistic domains is needed. Together, auditory, child-related, and environmental factors accounted for 39 to 58% of the variance in receptive and expressive language scores. In the research of , auditory speech perception and speech production skills accounted for 63% of added variance in language outcomes after variance attributable to child and family characteristics (35%) had been omitted. Including auditory speech perception skills as predictors could increase the amount of variance that is accounted for by the present model. However, current follow-up protocols in Flanders and the Netherlands mainly consist of speech perception tests in quiet with word scoring which often leads to ceiling effects. More complex speech perception tasks (e.g., in background noise) that can better differentiate among children with CIs are necessary to evaluate speech perception as a predictor for language development.
CONCLUSION
Better receptive and expressive language skills were associated with younger age at implantation. Linear regression made it possible to state that, to achieve good language skills, the first fitting of a CI in prelingually deaf children should take place before the second birthday. In addition, contralateral auditory stimulation with a second CI or a hearing aid was related to better language outcomes. Ultimately, the presence of an additional learning disability was a predictor of weaker language skills. These three factors seemed to be consistent 1, 2, and 3 years after implantation. Furthermore, the effect of environmental factors increased over time. One year after implantation, multilingualism in the family was related to lower language scores. Two years after implantation, this factor was accompanied by insufficient parental involvement in the rehabilitation process. Three years after implantation, a third environmental factor emerged. Children of parents using oral communication outperformed children of parents using total communication or sign language. Based on language test scores of this large group of children, an LQ of 0.60 or lower would be a risk criterion for problematic language development compared with other deaf children who received a CI under the age of two. A risk criterion for problematic language development can allow clinicians to monitor children with CIs more efficiently. In addition, understanding the causes of variation can help parents and therapists to optimize the circumstances for children with a CI to acquire language.
